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Abstract

Background: Using indicators of disease severity, clinicians can predict which Plasmodium
falciparum ( Pf) malaria patients being treated with artesunate or quinine are likely to die
despite these drugs. Effective “rescue adjuncts” are needed when drugs alone are inadequate.
“Therapeutically-rational exchange” (T-REX) of special malaria-resistant red blood cells (RBCs)
has been proposed to optimize adjunctive exchange transfusion.

Methods: Studies were reviewed that (1) quantified how group-O status and “sickle-trait”
(HbAS) and “C-trait” (HbAC) hemoglobins affect Afmortality, risk of thrombosis, or birth
outcomes for women with pregnancy associated malaria (PAM), (2) reported prevalences of “dual-
gene” malaria-resistant RBCs, or (3) reflected the level of exchange-transfusion and malaria-
related expertise in Benin and Nigeria.

Results: Data show that the malaria- and thrombosis-resistance of RBCs depend on specific
genes and the patient’s clinical status and medical history. In malaria-endemic Benin and Nigeria,
prevalences of “dual-gene” malaria-resistant group-O HbAS and group-O HbAC RBCs are
substantial, and both malaria- and exchange-related expertise are outstanding.

Conclusions: T-REX of “dual-gene” malaria-resistant RBCs is feasible in Benin and Nigeria
and warrants evaluation as a rescue adjunct for 3 subsets of Af-malaria patients. For therapeutic
use, group-O HbAS RBC:s are likely to be more effective than non-O HbAS RBCs for Pf-infected
patients who (1) have a history of thrombosis or (2) are taking birth-control hormones while
group-O HbAC RBCs may substantially improve birth outcomes for women with PAM. Studies
suggest it is prudent to assume — until proven otherwise — that T-REX of “dual-gene” malaria-
resistant RBCs can improve (“personalize”) rescue of these patient subsets.
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Overview

As a treatment adjunct for patients with life-threatening Plasmodium falciparum ( Pf)
malaria, therapeutically-rational exchange (T-REX) refers to removing a patient’s Pf
-infected red blood cells (RBCs) and delivering (only) special malaria-resistant RBCs.
We have previously suggested T-REX strategies be evaluated as “rescue adjuncts” when
state-of-the-art drug therapies are inadequate [ 123 ]. T-REX of group-O RBCs and
T-REX of “sickle-trait” hemoglobin-AS (HbAS) RBCs are 2 examples. Fortunately, in
malaria-endemic Benin and Nigeria, 3 categories of malaria-resistant RBCs are prevalent:
“sickle-trait” (HbAS), group-0O, and “C-trait” (HbAC) RBCs [ 4, 5].

The rationale for T-REX is simple: The same malaria-resistant RBCs that have promoted
human survival may also promote patient survival when used therapeutically [ 6, 7 ].
Recently, the therapeutic value of donated disease-resistant cells has been highlighted by

the historic success of “the Berlin patient” [ 8 ]. So, it has been shown that patients do

not have to be born with disease-resistant cells to benefit from them. Because malaria has
driven human evolution for centuries, several different — and potent — malaria-resistant RBC
variants are available [ 7 ]. “Malaria-resistance genes” are so prevalent in sub-Saharan
Africa (SSA), many residents have co-inherited 2 RBC malaria-resistance genes. This means
exchange transfusions of their donated “dual-gene” RBCs could be life-saving for especially
vulnerable subsets Pfpatients since the (different) anti-malaria benefits of group-O and
HbAS and HbAC RBCs are independent — no reports of “negative epistasis” [4,5,9].

Regarding controversy about the therapeutic value of exchange, the confusion is
understandable because only “standard issue exchange” has ever been evaluated in meta-
analyses — and without any adjustment for mortality-impacting “confounders” [ 10, 111].
That is, “RBC malaria-resistance variables” were not taken into account — unfortunate
because ABO status and hemoglobin-type markedly impact Pf-malaria mortality [ 6, 12 ].
The (numerous) case reports describing the successful recovery of near-death Pf-malaria
patients following exchange may mean those (lucky) patients were treated (randomly and
unknowingly) with malaria-resistant RBCs. The patients who died despite exchange may
have been treated with RBCs that promoted Pf-disease progression. T-REX studies that
separately evaluate the impact of specific malaria-resistant RBC variants can avoid such
confounding in “the design phase” of clinical trials.

Because the different anti-malaria benefits of group O and HbAS and HbAC RBCs in

Benin and Nigeria are independent, we feel “dual-gene” T-REX may markedly optimize
anti-malaria exchange. Of note, data suggest some “dual-gene” exchange strategies would be
prudent for 3 Pf-patient subsets: (1) women with pregnancy associated malaria (PAM), (2)
women who are using hormonal contraception, and (3) patients with a history of thrombosis
[ 5, 131415]. Surprisingly, for PAM, researchers found that “hemoglobin C-trait” (HbAC)
RBCs are associated with better birth outcomes than sickle-trait (HbAS) RBCs — even
though HbAS RBCs might be the most potently malaria-resistant for all other patients [ 5].
Other studies suggest T-REX of “dual-gene” malaria-resistant group-O HbAS RBCs would
be more prudent than delivering non-O HbAS RBCs to APf-malaria patients who are taking
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birth-control hormones or have a history of deep-vein thrombosis or other thrombotic events
[14,15].

2. History of transfusion in sub-Saharan Africa (SSA)

In SSA, adjunctive blood transfusions have been used to rescue malaria patients since 1892
[ 16 ]. Regarding technical expertise, the exchange-transfusion procedure has been used in
Nigeria at least since 1963 [ 17 ]. In Benin, exchange has been used to treat challenging
patients such as pregnant women with sickle cell disease [ 18 ].

In 21 St SSA, Pf-malaria patients are a major category of blood-transfusion recipients

[ 19 ]. Unfortunately, when anemic Pf-infected patients are transfused with “standard issue”
units, they may randomly receive malaria-promoting RBCs while uninfected patients may
be receiving malaria-resistant RBCs. Also unfortunate, demand for blood often exceeds
supply [ 20 ]. Fortunately, in 2017, Bates et al. proposed innovative ways to not only recruit
and retain blood donors but to excite and motivate clinicians, researchers, students, and
blood-bank technicians to advance transfusion medicine [ 21 ]. Their donation-promoting
and research-based suggestions are incentive-based, exciting, and creative [ 21 ]. Here we
call their goals “PAIRD” (Promote, Advance, Incentivize, and Reward Donation).

3. Clinicians in SSA are ideally positioned to evaluate T-REX of malaria-

resistant RBCs

Nigeria is, arguably, the world leader in clinical research related to Afmalaria, RBC genetic
variants, and exchange transfusion [ 4, 15, 29-35, 17, 22-28 ]. To our knowledge,

the first-and-only study of variant-specific RBC exchange transfusions was conducted

by Nigerian pediatricians in 1981 [ 29 ]. The RBC variants they exchanged to treat
hospitalized neonates were chosen because they are prevalent in malaria-endemic Nigeria

— not surprisingly, these variants were malaria-resistant variants [ 29 ]. Malaria-resistant
RBCs are so prevalent in SSA that even “dual-gene” prevalences are substantial: Among 533
inpatients in Benin and 300 in Nigeria, prevalences of group-O HbAS RBCs were 8.4 % and
6.0 %, respectively, while group-O HbAC RBCs prevalences were 5.4 % and 1.3%[4,5].
This means “dual-gene” malaria-resistant RBCs should be available for therapeutic use in
Benin and Nigeria even without active recruitment of donors.

So, with the support of hospital managers, transfusion-medicine physicians, and blood-bank
personnel, clinicians in Benin and Nigeria are well positioned to evaluate how “dual-gene”
T-REX strategies might personalize the rescue of special subsets of Pf-malaria patients.

For clinicians who worry about using HbAS RBCs therapeutically, Niazi and Fleming noted
HbAS carriers in Nigeria “appear to be acceptable as blood donors” — and others agree
[28-30].

Because of their extensive experience with Pfmalaria and RBC variants and exchange
transfusion, clinicians and researchers in Benin and Nigeria are ideally situated to evaluate
T-REX, including *“dual-gene” T-REX [ 5, 18, 29 ]. Regarding potential global interest,
in a commentary about the protection provided by HbAS and HbAC RBC variants, an
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apparently frustrated Williams noted that, despite well-documented genetic associations
with many diseases, “disappointingly few have delivered on the promise to revolutionize
treatment” [ 36 ]. Interestingly, while Cohen et al. hope malaria-combating microRNAs

can eventually be used to treat Pf-malaria, clinicians in SSA can immediately deliver
microRNAs via T-REX of HbAS RBCs given that HbAS RBCs contain Pf-combating
microRNAs [ 2, 37, 38 ]. Apparently disturbed by the unrelenting death caused by cerebral
malaria, in 2019 Luzolo and Ngoyi suggested “A combination of two or more adjunctive
therapies, appropriately selected, could perhaps prove to be effective; however extensive
research and clinical trials will be necessary to determine such” [ 39 ]. Regarding cost,

after describing how exchange transfusions had successfully rescued his Pf-malaria patients,
Boctor suggested exchange might be cost-effective: “the expense is much lower than that of
keeping patients in ICUs” [ 40 ].

4. T-REX of “dual-gene” malaria-resistant RBCs for 3 especially vulnerable

subsets of pf patients

In Nigeria, Ahmed et al. found that although sickle trait (HbAS) — overall — is only a

weak risk factor for deep-vein thrombosis (DVT), there was a higher risk of DVT among
sickle-trait patients whose HbAS RBCs were of a non-O ABO blood group [ 15 ]. Although
their study subjects were not infected with Pf-malaria, it seems most prudent to assume —
until proven otherwise — that non-O HbAS RBCs are also “prothrombotic” for Pf- malaria
patients who have a history of thrombosis [ 15 ]. Ahmed et al. concluded co-inheritance

of the non-O blood group and sickle trait (HbAS) is “an important mixed risk factor for
DVT” [ 15]. Of course, non-O HbAS RBCs may not actually be “prothrombotic” for

Pr- malaria patients given that HbAS RBCs are — overall — known to substantially reduce
the risk of cerebral microvascular thrombosis (cerebral malaria) [ 414243 ]. Despite this
apparent paradox, it seems most prudent that when clinicians want to use HbAS RBCs
therapeutically, they only use group-O HbAS RBCs when treating Af-malaria patients who
have a history of thrombosis — in “an abundance of caution.”

Also thrombosis-related, Austin et al. concluded that women with HbAS RBCs who use
hormonal contraception are at increased risk for venous thrombotic events [ 14 ]. Although
the women they studied were not infected with Pf, it again seems prudent that when using
HbAS RBCs therapeutically, only group-O HbAS RBCs be used when treating Ar- infected
women who are taking birth-control hormones.

Surprisingly, Tetard et al. found that sickle-trait (HbAS) RBCs do not improve birth
outcomes for women with PAM [ 5 ]. Fortunately — in contrast to HbAS RBCs — malaria-
resistant “C-trait” (HbAC) RBCs are linked to better birth outcomes [ 5 ]. So, for PAM,

it seems prudent that clinicians only transfuse malaria-resistant HbAC RBCs (and never
HbAS RBCs). Loscertales and Brabin found that malaria-resistant group-O RBCs can also
improve birth outcomes for women with PAM [ 13 ]. Fortunately, T-REX of “dual-gene”
malaria-resistant group-O HbAC RBCs might be substantially more effective than T-REX
of non-O HbAC RBCs because the individual (and independent) group-O and HbAC anti-
Prbenefits should be additive. That is, to our knowledge, researchers have never found
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“negative epistasis” (cancellation of anti-malaria benefits) between group-O RBCs and
malaria-resistant hemoglobins when statistical modeling has included these RBC “malaria-
resistance variables” [ 9 ]. Addition of these therapeutic benefits is fortunate because

the individual anti-malaria protections provided by group-O RBCs and HbAC RBCs are
considered weaker than the very potent malaria-resistance of sickle-trait HbAS RBCs [ 42 ].

In general, when requesting transfusions for patients with life-threatening Afmalaria who
do not have PAM, clinicians should know HbAS RBCs are thought to be the most potently
malaria-resistant RBCs [ 42 ]. After Taylor et al. reviewed malaria studies, they noted “data
from both case-control and prospective cohort studies indicate that HbAS is consistently
associated with large reductions in the risk of severe malaria syndromes” [ 42 ].

5. Evaluation of T-REX in Benin and Nigeria: an “ldeal PAIRD project”?

Noting that “lack of access to adequate blood supplies” is an “urgent problem” in SSA,
Bates et al. proposed incentive- and reward-based agendas in their article “Transfusion
research priorities for blood services in sub-Saharan Africa” [ 21 ]. Among their PAIRD-
oriented suggestions, they recommend working to (1) create donation- and research-
conducive environments, (2) recruit, register, reward, and motivate new donors, (3) convince
blood-services departments to promote research, (4) collaborate with local universities, (5)
encourage, publicize, and recognize clinician, scientist, and graduate-student research, (6)
promote international partnerships, and, of course, (7) support and advance anti-malaria
agendas [ 21 ]. Although Bates et al. stressed policy improvements, we feel evaluating new
RBC therapies — like T-REX — would also substantially advance transfusion medicine by
motivating not only clinicians and blood donors locally, but also researchers inside and
outside Africa. How? Given their expertise with both malaria and exchange, with adequate
support, clinicians in SSA can easily evaluate T-REX [ 18, 24, 25, 29]. If T-REX

proves to be a life-saving adjunct, that success could highlight the importance of transfusion
medicine. Because success with T-REX in SSA would show how human evolutionary
genetics can be translated into practical cell therapies, T-REX could attract the attention of
researchers in nations where malaria and other tropical diseases are not endemic and where
RBC variants are not prevalent. Because some T-REX options — like some “dual-gene”
T-REX strategies — would probably require recruitment and registration of “contactable
donors,” evaluation of T-REX would surely highlight the value of pursuing PAIRD-oriented
initiatives. [ 21 ]. That is, T-REX and PAIRD-oriented recommendations seem, fortunately,
especially complementary [ 21].

6. Conclusions

For Pf-malaria patients who do not adequately respond to artesunate or quinine treatments,
their likelihood of dying can be predicted using “indicators of disease severity” —and can
exceed 50 % [ 44 ]. Because data suggest exchange transfusion can be substantially (1)
optimized and (2) personalized by thoughtfully delivering special malaria-resistant RBCs,
we feel T-REX should be evaluated — now. Fortunately, both group-O and HbAS RBCs
markedly promote survival, and, for PAM, both group-O and HbAC RBCs have been linked
to better birth outcomes [5, 6,12, 13, 45]. So, it is plausible T-REX of malaria-resistant
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RBC variants may be markedly more therapeutic than conventional exchange since current
use of a blood bank’s nondescript “standard issue” units means, unfortunately, malaria-
promoting RBCs are, inevitably, being delivered — blindly and randomly. Data also suggest
T-REX of “dual-gene” malaria-resistant group-O HbAS RBCs and/or group-O HbAC RBCs
may effectively “personalize” T-REX for 3 vulnerable subsets Pf-infected patients. When
using HbAS RBCs therapeutically — perhaps the most potent malaria-resistant RBC variant
—only T-REX of “dual-gene” group-O HbAS RBCs should be used for Af-malaria patients
who (1) are taking birth-control hormones or (2) have a history of thrombosis because non-O
HbAS RBCs might be “pro-thrombotic” for these 2 subsets [ 14, 15, 45 ]. For challenging
PAM, T-REX of “dual-gene” group-O HbAC RBCs should be used because both group-O
and HbAC RBCs have been linked to better birth outcomes [ 5, 13 ].

The potential benefits of evaluating T-REX in SSA are exciting: Adjunctive T-REX may (1)
reduce Pfmorbidity and mortality, (2) advance transfusion medicine, (3) generate interest
in translating evolutionary genetics into practical therapies, and (4) attract the international
sponsorship of research only possible in SSA — goals explicitly or implicitly advocated

by prominent researchers [ 456 , 18 , 21, 36, 46 ]. Evaluating T-REX in SSA seems

(1) warranted ( Pf-infected patients are dying despite drug treatment) and (2) feasible (a
variant-specific RBC exchange study was conducted in Nigeria in 1981) [ 29, 44 ]. Finally,
Maitland is correct: Regarding management of severe Pfmalaria in SSA, she concluded
“high-quality trials can be undertaken” — but, lamented, “the slow progress in this field is
astonishing” [ 46 ].

This manuscript did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

The manuscript has been seen and approved by all authors, it is not under active consideration for publication, has
not been accepted for publication, nor has it been published, in full or in part.

References

1. Jajosky RP, Jajosky AN, Jajosky PG: Can exchange transfusions using red blood cells from
donors with Southeast Asian ovalocytosis prevent or ameliorate cerebral malaria in patients with
multi-drug resistant Plasmodium falciparum?. Transfus Apher Sci 2017; 56: pp. 865-866. [PubMed:
29100683]

2. Jajosky RP, Jajosky AN, Jajosky PG: To prevent or ameliorate severe Plasmodium falciparum
malaria, why not evaluate the impact of exchange transfusions of sickle cell trait red blood cells?.
Transfus Apher Sci 2018; 57: pp. 63-64. [PubMed: 29310873]

3. Jajosky RP, Jajosky RP, Jajosky PG, Jajosky AN, Jajosky PG: Can therapeutically-rational exchange
(T-REX) of type-O red blood cells (RBCs) benefit Plasmodium falciparum malaria patients?.
Transfus Apher Sci 2019; 58: pp. 344-345. [PubMed: 31109818]

4. Udomah FP, Isaac 1Z, Aliyu N, Erhabor O, Ahmed MH, Yakubu AHM, et al. : Electrophoretic
patterns, ABO and Rhesus D blood groups distribution among antenatal women in Sokoto, Nigeria.
Obstet Gynaecol Cases - Rev 2015; 2:

5. Tétard M, Milet J, Dechavanne S, Fievet N, Dorin-Semblat D, Elion J, et al. : Heterozygous
HbAC but not HbAS is associated with higher newborn birthweight among women with pregnancy-
associated malaria. Sci Rep 2017; 7: pp. 1414. [PubMed: 28469130]

6. Cserti-Gazdewich CM, Dhabangi A, Musoke C, Ssewanyana |, Ddungu H, Nakiboneka-Ssenabulya
D, et al. : Cytoadherence in paediatric malaria: ABO blood group, CD36, and ICAM1 expression

Transfus Apher Sci. Author manuscript; available in PMC 2025 January 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jajosky et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 7

and severe Plasmodium falciparum infection. Br J Haematol 2012; 159: pp. 223-236. [PubMed:
22909232]

. Goheen MM, Campino S, Cerami C: The role of the red blood cell in host defence against

falciparum malaria: an expanding repertoire of evolutionary alterations. Br J Haematol 2017; 179:
pp. 543-556. [PubMed: 28832963]

. Hitter G: HIV+ patients and HIV eradication-allogeneic transplantation. Expert Rev Hematol 2016;

9: pp. 615-616. [PubMed: 27139903]

. Lopera-Mesa TM, Doumbia S, Konaté D, Anderson JM, Doumbouya M, Keita AS, et al. : Effect of

red blood cell variants on childhood malaria in Mali: a prospective cohort study. Lancet Haematol
2015; 2: pp. e140-9. [PubMed: 26687956]

. Riddle MS, Jackson JL, Sanders JW, Blazes DL: Exchange transfusion as an adjunct therapy in
severe Plasmodium falciparum malaria: a meta-analysis. Clin Infect Dis 2002; 34: pp. 1192-1198.
[PubMed: 11941545]

Tan KR, Wiegand RE, Arguin PM: Exchange transfusion for severe malaria: evidence base and
literature review. Clin Infect Dis 2013; 57: pp. 923-928. [PubMed: 23800940]

Aidoo M, Terlouw DJ, Kolczak MS, McElroy PD, ter Kuile FO, Kariuki S, et al. : Protective
effects of the sickle cell gene against malaria morbidity and mortality. Lancet 2002; 359: pp.
1311-1312. [PubMed: 11965279]

Loscertales M-P, Brabin BJ: ABO phenotypes and malaria related outcomes in mothers and babies
in The Gambia: a role for histo-blood groups in placental malaria?. Malar J 2006; 5: pp. 72.
[PubMed: 16916459]

Austin H, Lally C, Benson JM, Whitsett C, Hooper WC, Key NS: Hormonal contraception, sickle
cell trait, and risk for venous thromboembolism among African American women. Am J Obstet
Gynecol 2009; 200: 620.e1-620.e3

Ahmed SG, Kagu MB, Ibrahim UA, Bukar AA: Impact of sickle cell trait on the thrombotic risk
associated with non-O blood groups in northern Nigeria. Blood Transfus 2015; 13: pp. 639-643.
[PubMed: 26057489]

Sunseri T: Blood trials: transfusions, injections, and experiments in Africa, 1890-1920. J Hist Med
Allied Sci 2016; 71: pp. 293-321. [PubMed: 26514397]

Capps FPA, Gilles HM, Jolly H, Worlledge SM: Glucose-6-phosphate dehydrogenase deficiency
and neonatal jaundice in Nigeria their relation to the use of Prophylactic vitamin K. Lancet 1963;
282: pp. 379-383.

Rahimy MC, Gangbo A, Adjou R, Deguenon C, Goussanou S, Alihonou E: Effect of active
prenatal management on pregnancy outcome in sickle cell disease in an African setting. Blood
2000; 96: pp. 1685-1689. [PubMed: 10961864]

Bugge HF, Karlsen NCT, Oydna E, Rake MM, Wexels N, Bendabenda J, et al. : A study of blood
transfusion services at a district hospital in Malawi. Vox Sang 2013; 104: pp. 37-45. [PubMed:
22765350]

Dzik WH: Innocent lives lost and saved: the importance of blood transfusion for children in
sub-Saharan Africa. BMC Med 2015; 13: pp. 22. [PubMed: 25640864]

Bates I, Hassall O, Mapako T: Transfusion research priorities for blood services in Sub-Saharan
Africa. Br J Haematol 2017; 177: pp. 855-863. [PubMed: 28449225]

Amodu OK, Olaniyan SA, Adeyemo AA, Troye-Blomberg M, Olumese PE, Omotade OO:
Association of the sickle cell trait and the ABO blood group with clinical severity of malaria

in southwest Nigeria. Acta Trop 2012; 123: pp. 72-77. [PubMed: 22503377]

Ndila CM, Uyoga S, Macharia AW, Nyutu G, Peshu N, Ojal J, et al. : Human candidate gene
polymorphisms and risk of severe malaria in children in Kilifi, Kenya: a case-control association
study. Lancet Haematol 2018; 5: pp. €333-45. [PubMed: 30033078]

Olusanya B, Osibanjo F, Mabogunje C, Slusher T, Olowe S: The burden and management of
neonatal jaundice in Nigeria: a scoping review of the literature. Niger J Clin Pract 2016; 19: pp. 1.
[PubMed: 26755212]

Audu LI, Mairami AB, Otuneye AT, Adeleye QAQ: Can post exchange blood transfusion
haematocrit be predicted in neonates?. J Pediatr Neonatal Care 2017; 6: 1-0

Transfus Apher Sci. Author manuscript; available in PMC 2025 January 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jajosky et al.

Page 8

26. Inah S, Ejemot-Nwadiaro R, Inah J, Eko J: Prevalence of malaria among pregnant women and
children under five years in Abi Local Government Area, Cross River State, Nigeria. Asian J Med
Heal 2017; 7: pp. 1-7.

27. Edelu BO, Ndu IK, Igbokwe OO, Iloh ON: Severe falciparum malaria in children in Enugu, South
East Nigeria. Niger J Clin Pract 2018; 21: pp. 1349-1355. [PubMed: 30297570]

28. Aneke J, Barth D, Ward R, Pendergrast J, Kuo K, Cserti-gazdewich C: The rationale for
abandoning sickle trait screening of red blood cell units for patients with sickle cell disease.
Transfus Med 2019; 29: pp. 466-467. [PubMed: 31099109]

29. Olowe SA, Ransome-Kuti O: Exchange transfusion using G6PD-deficient or HbAS blood in icteric
neonates. J Natl Med Assoc 1981; 73: pp. 811-819. [PubMed: 7277515]

30. Niazi GA, Fleming AF: Haematological status of blood-donors with sickle cell trait and alpha
thalassaemia in northern Nigeria. East Afr Med J 1989; 66: pp. 824-829. [PubMed: 2612414]

31. Ekanem AD, Anah MU, Udo JJ: The prevalence of congenital malaria among neonates with
suspected sepsis in Calabar, Nigeria. Trop Doct 2008; 38: pp. 73-76. [PubMed: 18453488]

32. Mokuolu OA, Falade CO, Orogade AA, Okafor HU, Adedoyin OT, Oguonu TA, et al. : Malaria at
parturition in Nigeria: current status and delivery outcome. Infect Dis Obstet Gynecol 2009; 2009:

33. Agomo CO, Oyibo WA, Anorlu RI, Agomo PU: Prevalence of malaria in pregnant women in
Lagos, South-West Nigeria. Korean J Parasitol 2009; 47: pp. 179-183. [PubMed: 19488427]

34. Pennap G: Frequency distribution of hemoglobin variants, ABO and Rhesus blood groups among
students of african descent. Br Microbiol Res J 2011; 1: pp. 33-40.

35. Oduwole OA, Ejezie GC, Odey FA, Oringanje CM, Nwakanma D, Bello S, et al. : Congenital
malaria in Calabar, Nigeria: the molecular perspective. Am J Trop Med Hyg 2011; 84: pp. 386—
389. [PubMed: 21363974]

36. Williams TN: How do hemoglobins S and C result in malaria protection?. J Infect Dis 2011; 204:
pp. 1651-1653. [PubMed: 21998475]

37. LaMonte G, Philip N, Reardon J, Lacsina JR, Majoros W, Chapman L, et al. : Translocation of
sickle cell erythrocyte MicroRNAs into Plasmodium falciparum inhibits parasite translation and
contributes to malaria resistance. Cell Host Microbe 2012; 12: pp. 187-199. [PubMed: 22901539]

38. Cohen A, Combes V, Grau GE: MicroRNAs and malaria—a dynamic interaction still incompletely
understood. J Neuroinfectious Dis 2015; 6:

39. Luzolo AL, Ngoyi DM: Cerebral malaria. Brain Res Bull 2019; 145: pp. 53-58. [PubMed:
30658131]

40. Boctor FN: Red blood cell exchange transfusion as an adjunct treatment for severe pediatric
falciparum malaria, using automated or manual procedures. Pediatrics 2005; 116: pp. €592-5.
[PubMed: 16166388]

41. May J, Evans JA, Timmann C, Ehmen C, Busch W, Thye T, et al. : Hemoglobin variants and
disease manifestations in severe falciparum malaria. JAMA 2007; 297: pp. 2220. [PubMed:
17519411]

42. Taylor SM, Parobek CM, Fairhurst RM: Haemoglobinopathies and the clinical epidemiology
of malaria: a systematic review and meta-analysis. Lancet Infect Dis 2012; 12: pp. 457-468.
[PubMed: 22445352]

43. Taylor SM, Cerami C, Fairhurst RM: Hemoglobinopathies: slicing the Gordian knot of
Plasmodium falciparum malaria pathogenesis. PLoS Pathog 2013; 9: pp. e1003327.

44. von Seidlein L, Olaosebikan R, Hendriksen ICE, Lee SJ, Adedoyin OT, Agbenyega T, et al. :
Predicting the clinical outcome of severe falciparum malaria in african children: findings from a
large randomized trial. Clin Infect Dis 2012; 54: pp. 1080-1090. [PubMed: 22412067]

45. Mockenhaupt FP, Ehrhardt S, Cramer JP, Otchwemah RN, Anemana SD, Goltz K, et al. :
Hemoglobin C and resistance to severe malaria in Ghanaian children. J Infect Dis 2004; 190:
pp. 1006-1009. [PubMed: 15295709]

46. Maitland K: Severe malaria in african children—the need for continuing investment. N Engl J Med
2016; 375: pp. 2416-2417. [PubMed: 28002698]

Transfus Apher Sci. Author manuscript; available in PMC 2025 January 07.



	Abstract
	Overview
	History of transfusion in sub-Saharan Africa SSA
	Clinicians in SSA are ideally positioned to evaluate T-REX of malaria-resistant RBCs
	T-REX of “dual-gene” malaria-resistant RBCs for 3 especially vulnerable subsets of pf patients
	Evaluation of T-REX in Benin and Nigeria: an “Ideal PAIRD project”?
	Conclusions
	References

